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Generd Introduction 
l.I Introduction 
Chromatography is a physical method of separation, in which two or more 
components to be separated are distributed between two phases, one o\ these 
phases constituting a stationary bed of large surface area, the other being a 1luui 
thai percolates through or along a stationary bed. Chromatography is a pir^vcilui 
separation method that finds application to all branches of science. It is an 
excellent technique for the separation and analysis of highly complex mixtures. 
The chronological development in separation techniques of chromatography is 
presented in table 1.1. 
Table: 1.1 Chronological Development of Chromatographic Techniques 
S. No. 
4. 
5. 
6. 
7. 
Technique 
i V . 
I'll in-layer chromatography 
(TLC) (adsorption) 
Partition chromatography 
Paper chromatography (PC) 
Counter current distribution 
(CCD) 
(jel-permeation 
chromatography (GPC) 
Gas chromatography (GC) 
I Ion-exchange 
} chromatography (partition) 
L:lectrophoresis 
1 hin-iayer chromatography 
(TLC) (partition) 
0. j Gas liquid chromatography 
Year of 
Discoverv 
938 
1941 
944 
^ 4 
1945 
1946 
1947 
948 
95 
1952 
Discoverer 
Izmailov and Schraiber 
Martin and Svnue 
Consden, Gordan and 
Martin 
Craiti 
Barrer 
Claesson 
Meyer and Thompkin^ 
Hauuaard and Kroner 
Kirchner, Miller and 
Keller 
James and Martin 
11 
J . 
14. 
I'S. 
High-performance liquid 
^iromatography (HPLC) 
Ion-exchange 
chromatography (IEC 
partition) 
High performance thin layer 
chromatography (HPTLC) 
Ion chromatography 
Over pressured layer 
chromatography (OPLC) 
1952 
1963 
1974 
975 
1979 
James and Martin 
Samuelson 
James and Martin 
Small, Stevens and 
[iaumman 
Tyihak, Mincscovics i 
Kalasz 
IHl 
1.2 CLASSIFICATION OF CHROMATOGRAPHIC METHODS 
The chromatographic systems can be classified according to (a) stale of 
aggregation of phases, (b) physical arrangement of the phases and (c) mechanism 
underlying the distribution equilibrium. Chromatographic systems gencraling 
h-om solid, liquid and gaseous phases are (a) liquid-liquid (b) liquid-solid (c) gas-
liquid and (d) gas-solid. 
According to the latest nomenclature for chromatograph_\ all 
chromatographic methods can be separated into column chromatography and 
planar chromatography, depending upon the shape of the chromatographic bed. 
he classification of chromatographic techniques has been illustrated in tig. 
LIQUID CHROMATOGRAPHY TECHNIQUES 
COLUMN 
CAPILLARY FORCED 
FORCE FLOW 
CC HPLC 
LAYER 
PLANAR NON-P ANAR 
CAPILLARY 
FORCES 
CAPILLARY 
FORCES 
FORCED 
FLOW 
TLC/FID 
PC TLC RPC HSTLC OPLC 
Fig. LI Classification of liquid chromatographic techniques according to 
the physical arrangement of the phases. 
Note: CC = Column chromatography, HPLC = High pressure liquid 
chromatography, PC = Paper chromatography, TLC = Thin-I.aycr 
chromatography, RPC = Reversed phase Chromatography, HSITC -^ High 
Speed TLC, DPLC = Over Pressure Layer chromatography, FID = I'lamc 
Ionization Detector. 
Column chromatography is a separation technique in which the stationary bed is 
within a tube. The particles of the solid stationary phase may fill the whole inside 
volume of the tube (packed column) or be concentrated on or along the inside 
tube wall leaving an open unrestricted path for the mobile phase in the middle 
part of the tube (open-tubular column). 
Planar chromatography is a separation technique in which the stationary phase 
is present as or on the plane. The plane can be unmodiiled paper, paper 
impregnated with a substance as a stationary bed (paper chromatography. PC) 
or a layer of solid particles spread on a support, eg. glass plate (thin layer 
chromatography, TLC). Sometimes planar chromatography is also termed 
'Open-bed chromatography'. In table 1.2, comparative analysis of planar and 
non-planar chromatography has been illustrated, which underlines the 
similarities of the important chromatographic variants and the differences 
between them. 
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1.3 THIN LAYER CHROMATOGRAPHY 
(A) Introduction to TLC: 
TLC, with together of paper chromalography comprise 
"planar'' or "t1at bed" chromatography is the simplest of all of the widely 
used chromatographic methods to perform. TLC is a subdivision of liquid 
chromatography in which the mobile phase (a liquid) migrates through the 
stationary phase (a thin layer of porous sorbent on a planar inert surface) by 
capillary action. TLC is the most versadle and flexible chromatographic 
method. It is rapid because precoated layers are usually used as received, 
with preparation. It is simple, reasonably sensitive and inexpensive 
analytical tool which is applicable for both qualitative and quanlilatixe 
analysis of several compounds. 
(B) History of TLC: 
The history of TLC has been reviewed by Stahl, Kirchner and 
Pelick et al. in fact, the beginning of TLC may be attributed to Beyerinck 
who reported the separation of sulphuric acid and hydrochloric acid in ilie 
form of rings on thin layer of gelatin. In 1938, Izmailov and Schraiber 
separated certain medicinal compounds on unbound alumina spread on glass 
plates. Since, they applied drops of solvent to the plate containing ihe 
sample and sorbent layer, their procedure was called "drop 
chromatography". Stahl introduced the tenn "thin layer chromatography" in 
the late 1950s.His first laboratory manual popularized TLC and he obtained 
the aid of chemical manufactures in offering standard materials for TLC. 
TLC can be used for 
(a) Qualitative analysis (to identify the presence or absence of a 
particular substance in a mixture) 
(b) Quantitative analysis (to determine precisely and accurately the 
amount of a particular substance in a sample mixture) and 
(c) Preparative analysis (to purify and isolate a particular substance 
for subsequent use). 
All three cases require the common procedures o!" sample 
application, chromatographic separation and sample component 
visualization. However, analytical TLC differs from preparative fLC as the 
sample solution/or amount is applied on thinner layers in the former case 
whereas thicker TLC plates are used for preparative TLC. Quantitative 1 LC 
was introduced by Kirchner et al. in 1954, when they described elution 
method for determination of biphenyl in citrus fruits and products. 
High peiTormance TLC plates were produced commerciall> in 
the mid I970's and provided impetus for the improvements in practice and 
instrumentation that occured in the late 1970's and I980\s and led to the 
methods termed "High performance TLC (HPTLC)" and 'MnstrumeiUul 
HPITC ' . It is interesting that in 1949 two American Chemists, Meinharcl 
and Hall gave the concept of "Surface Chromatography" and described their 
work on the use of microscope slides with a mixture of alumina (an 
adsorbent) and a celite (a binder) to separate Fe~' and Zn"'. Their work was 
probably the llrst application of TLC for the separation of inorganic ions. 
Though Ismailov is best known for his fundamental work on TLC, his main 
field of interest was electrochemistry for which he received the Mendeleiv 
Prize of the Academy of Science of USSR in 1961. 
1.4 TLC Procedure: 
The TLC process is an off line process in which all the 
procedural steps, depicted in fig. 1.2 
Sample Preparation 
Relatively pure component Crude l-.\tracl 
Sample Purificalion 
Sample Application 
Spotting/Streaking 
One or Two dimensional 
Plate Development 
Room Temp, or elevated icnip. 
Drying of Chromatogram 
Zone Detection 
Visual reagent spra>. I'V 
Scanninsz 
Optional 
Component Removal 
Documentation and 
Reporting of Results 
Figure 1.2 Scheme of Typical Thin-Layer Chromatographic 
Process 
are carried out independently. The basic TLC procedure involves the 
spotting of sample mixtures (the drop volume 0.5 to 10 |LI1) containing 0.5- 5 
l-ig of the solute is spotted on a TLC plate at 1.5-2 cm. from the lower edge 
o\' the layer. Micro liter amount of samples are applied with the help ol a 
calibrated micro capillary, micropipette, micro cap or Hamilton syringe. 1 he 
spots are air dried at room temperature or at an elevated temperature befoio 
development. Development of plate with suitable mobile phases lo a 
distance of 8-10 cm. (classical TLC) and 2-6 cm. (IIPTI C) inside a 
cylindrical or rectangular closed chamber by ascending technique 
withdrawing plate from developing chamber, drying the layer at room 
temperature to remove the mobile phase, detection of spots on TLC plale 
using suitable detection reagent, measurement of R| values of the resoKcd 
spots and the quantitative estimation of the analyte after extraction Irom ihc 
layer with suitable extractant. The differential migration of components 
results due to varying degrees of affinity of the components in a mixture lor 
stationary and mobile phases. 
Sample Preparation: 
Standard methods for sample preparation, identil'ication and 
separation of analyte present in a variety of samples such as plants, food. 
biological, geological and environmental samples have been reported. In 
general, metal cation solutions are prepared by dissolving their 
corresponding salts in 0.1 M HCl (or HNO3) to a final metal concentration ot~ 
0.1-0.2M. Anion solutions are prepared in distilled water, dilute acid or 
alkali solutions. Amines and phenols are used as freshly prepared solutions 
in ethanol or acetone. 
TLC Plate Preparation or Procedures: 
The contemporary trend is of using commercially available 
pre-coated plates. The manual preparation of layers involves the coating of 
sluny of the adsorbent (silica gel, alumina and soil) on glass, aluminum or 
plastic sheet (20 x 20 or 20 x 10 cm.) with the help of TLC applicator. Ihe 
thickness of dried layer for analytical purposes is kept to 0.2-0.3 mm. A 
binder (starch, gypsum, dextrin or polyvinyl alcohol) is usually added to the 
layer material to provide better adhesion, mechanical stability and 
durability). 
Sample Application: 
Sample application is one of the most important steps in the 
technology of TLC. Sample application is one of the main sources of error 
in quantitative TLC. Great care must be taken to choose a reliable 
application device and optimize techniques if accurate and precise analyses 
are to be realized. Samples and standards prepared for TLC are dissolvetl iii 
an appropriate solvent in such concentration that will allow evenUial 
detection of the solutes of interest. Sample can be applied as spot or streak 
using micropipette, microsyringe, melting point capillaries etc. fypically, 
1.5 n\ containing 1 ng to 10 fig of solute are applied in the form of spots or 
narrow bonds to TLC plates. A number of automatic spotters of varying 
design are available for sample application. The nano applicator (Nanomot) 
is an example of micrometer controlled syringes. Another applicator allows 
sample application in narrow bonds. The sample should be completely dried 
before placing the plate in the developing chamber. 
Sorbents and Layers: 
A great variety of commercial precoated layers are available 
tor TLC on glass, plastic or aluminium foil support in 20 x 20 cm size. The 
most common layer thickness for analytical TLC is 250 ^m, but cellulose 
and polyamide layers are often 100 jim. Plates with gypsum binder, which 
are known as 'soft layers" and are designated with G, must be used with 
in 
greater care than "hard" organic polymer bound layers to avoid abrasive 
conditions. Binder free silica gel plates containing a small amount o1 
colloidal silica to aid layer adherence are also available. 
(a) Adsorbents (Stationary Phase): 
Silica gel adsorbent is by far the most frequently used la>cr 
material. Alumina is a polar adsorbent that is similar to silica gel in its 
general chromatographic properties. Thin layer of silica gel G (gypsum 
binder) and silica gel S (starch binder) with or without "florescent-
indicator" have been used more frequently. Silica gel is slightly acidic in 
nature on the other hand alumina (aluminium oxide) is basic and is more 
reactive than silica gel. Adsorption is the separation mechanism in both 
silica gel and alumina. Cellulose an organic material is used as a sorbcnt 
in TLC when it is convenient to perform a given paper chromatographic 
separation by TLC with decreased development time and increase in ihc 
sensitivity of detection. The various types of layer materials used ma) be 
broadly classified as: 
(b) Impregnated Layers: 
Support layers of partition TLC are kieselguhr and 
synthetically prepared silicon dioxide. Samples applied to the 
preadsorbent region develop into sharp, narrow bonds at the pre 
adsorbent-sorbent interface. Layers have been impregnated with buffers 
chelating agents, metal ions or other compounds to aid selectivity and 
resolution or detection of certain compounds. Other reagents that have 
been added to thin layers include molybdic acid, boric acid, LD'l A 
(antibiotics) and urea (wax esters and fatty alcohols). 
(c) Bonded Layers: 
Reversed phase (RP) TLC was originally carried out on silica 
gel or kieselguhr layers impregnated by dipping or development with a 
11 
solution of paraffin, squalane, silicone oil, octanol. In recent years a 
trend of using both hydrophiiic and hydrophobic modified sorbenl phases 
is receiving wide acceptance. The hydrophobic nature ot the layer 
increases with both the carbon chain length and the degree of loading oi 
the groups. The hydrophiiic bonded silica gel layers containing amino, 
dial or cyano groups exhibit multimodal properties. 
(d)Mixed Sorbents: 
Mixed layers (impregnated and non impregnated) have been 
used by several workers for achieving enhanced resolution of 
components. The addition of kieselguhr in silica generally reduces the 
activity of silica. The mixed layers of upto three or four sorbents ha\o 
been occasionally prepared and used for specific TLC applications. 
However, binary (or biphasic) sorbent layers have been more commonly 
used for routine analysis of organic as well as inorganic mixtures. 
(e) Miscellaneous Layers: 
Cellulose can be surface modified to produce reversed phase 
ov weakly basic anion exchange and cation exchange. Silica gel H can he 
slurried in 4% ammonium nitrate solution containing 1% sodium 
carboxy methyl cellulose, chitin and chicken egg powder. 
1.5 QUALITATIVE ANALYSIS 
Qualitative identification is based on characteristic colors 
produced by a specific detection reagent combined with R| values. 
(a) Identification : 
In TLC, the identification of separated compounds is primarily 
based on their mobility in a suitable solvent, which is described by the R| 
value of each compound where 
R|.= Distance of solute motion from the origin 
Distance of solvent motion from the ori&in 
The factors which influence the magnitude of R|. are nature of sorbcnl and 
mobile phases, layer thickness, activation temperature, sample volume, 
chamber saturation, relative humidity and mode of development technique. 
(b) Separation: 
Ri values of zones from samples should be ideally compared 
to standards in more than one type of TLC system with different separation 
mechanism (e.g. adsorption, reversed phase partition and normal-phase 
bonded TLC). Instead of using chromogenic or lluorogenic reagents to 
detect sample spots, this treatment can be applied only to standards for their 
visualization. 
After filtration and concentration, the extracts can be examined by gas 
chromatography (GC) or by UV, IR, NMR or (MS) for identification. Some 
of the basic requirements for a good separation are 
(a) each spot should be compact (Ri. - Ri < 0.3) 
(b) the difference in R|.- values of two adjacent spots should be at least 0.1 
(c) chromatography of individuals and the mixture should be performed 
under identical experimental conditions. 
(d) No complication should occur between separable species. 
1.6 QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include 
visual estimation, zone elution and scanning densitometry. 
(a) Visual Estimation: 
The simplest method for semi quantitative analysis by TLC is 
to develop a definite sample aliquot alongside standards containing known 
weights of analyte. After detection, the weight of analyte in the sample is 
estimated by visual comparison of the size and intensity of the standaid and 
sample zones. Visual comparison works best if amounts near the detection 
limit are applied and if the sample is closely bracketed with standard, fhis 
method has accuracy and reproducibility in the 10-30% range, lo 
standardize the quantification methods in TLC, Mohammad and Latima. 
Mohammad and Tiwari, Nanda and Devi and Mlodzikowski have 
established a linear relationship between the size of the spot and the amount 
of the analyte. 
(b) Zone Elution: 
The zone elution method involves (a) drying the layer (b) 
locating the separated analyte zones (c) scrapping the portion of layer 
containing the analyte (d) collecting the sorbent and (e) measurement 
against standards by an independent micro analytical method such as 
solution spectrometry, GC or voltammetry. Zone elution method is tedious 
and tmie consuming and is likely to be inaccurate; these errors are 
minimized if standards and samples are chromatographed. 
(c) Scanning Densitometry: 
In situ measurement of zones with a scanning densitometer is 
the preferred technique for quantitative TLC. Substances separated by fLC 
or HPTLC are quantified by in situ-measurment of absorbed visible or UV 
light or emitted fluorescence upon excitation witii UV light. Absorption of 
UV light is measured either on regular layers or on layers with incorporated 
phosphor. Modem optical densitometric scanners are linked with computer, 
computer controlled densitometers may provide many functions such as 
automatic peak location and optimization, recording of spectra, 
multiwavelength scanning. With good quality HPTLC plates and regularly 
shaped and well resolved zones, basic single beam, single wavelength 
scanning with almost any commercial densitometer is capable of producing 
satisfactory quantitative results. A double beam densitometer equipped w itli 
a TLC scanner, an integrator and a micro computer has been used for 
simultaneous determination of light rare earths in monazite sand and the 
CAMAG turner fluorometric scanner was used for the estimation of 
cadmium ions. 
1.7 ADVANTAGES OF TLC: 
TLC is the most versatile and flexible chromatographic 
method. It is rapid because pre-coated layers are available for use as 
received, without preparation. It has highest sample throughout, because up 
to 30 individual samples and standards can be applied to a single plate and 
separated at the same time. The automated sample applications and 
developers allow high accuracy and precision in quantification. There is a 
wide choice of layers, developers and detection methods. The wide choice of 
detection reagents lead to unsurpassed specificity. Use pure samples can be 
successfully analyzed, or the layers are normally not reused. Eyeing on 
"offline" method, different steps of the procedure are carried out 
independently. 
1.8 Literature 
Thin Layer Chromatography of Transition Metals (1990-2007). 
Table - 1.3 A. Silica based adsorbents 
Metals 
Fe. Ni, Cu, Zn and 
Mn 
i Fe, Ni, Cu, Zn and 
Mn 
Ni, Cu, Cd, Co, 
Zn, Ag, Fe, Hg, 
Mn, V and Ti 
Cu, Fe, Hg and Co 
Zn, Ni,Co, Cu, 
Mn, Fe. Cr and V 
Remarks/Conditions 
Method is applied to TLC analysis of 
wastewater of decarbonization plant. 
Effect of pH, concentration of glycolic acid | 
and development time on the R\ values of | 
cations by adsorption and partition TLC. 
TLC separation and densitometric 
determination of Zn, Cu, Ni and Cd at trace 
levels (0.01-0.3 ^g). 
UV detection. 
3.0 % primene JM-T is the best impregnant. 
Ref. 
1. L. Deshmukh and R. B. Kharat, J. Chromafogr. &•/., 1990, 28, 400. 
2. L. Deshmukh; P. D. Kichambare and R. B. Kharat. J. Ind. Cliciii. Soc 
1990,67,612. 
3. Q. Lei and Y. Li, Fexi Ceshi Tongbao, 1990, 9, 22. 
4. 1. Skvorc; N. Zambeli; S. Iskric and O. Hadzija, J. C/iromatogr., 1990, 
498, 428. 
3. K. S. Panesar; O. V. Singh and S. N. Tandon, Ana!. Lett.. 1990, 2.3, 12.\ 
Metals 
Zr and HF 
Fe, Ni, Zn, Cu and Mn 
Remarks/Conditions 
Complete separation of both 
metals present in Zr: Hf ratios 
ranging from 20:1 to 1:40. 
V, Ag, Hg, Co, Ni, Cu, 
Zn, Cd, Cr, Fe, Ru, Rh, 
La, Au, Zr, Pt, Nb, Ta, 
Mo, W, Mn, Pd, and Ti 
Mn, Co, Ni, Cu, Zn, Fe, 
Cr, V and Ti 
Fe. Fig, Cu, Ni, Co, Zn, 
\ Cd, li Mo, V, and W 
Fe, Co, Zn, Cd, Cu and Ni 
Dependence of Ri on migration 
time, pH and mobile phase 
concentaration is studied. 
Run 11 cm. 
Layer thickness 0.5 mm. 
Run 10cm, layer thickness 0.25 
mm. 
[ 
Application of the method in the 
analysis of alloy and natural walei 
samples. 
Ref. 
6 
9 
6. K. Ishida; S. H. Ninomiya; Yu. Hida and M. Osawa, J. Chromato^r.. 
1991,539,169. 
7. L. Deshmukh and R. B. Kharat, J. Liq. Chromatogr., 1991, 14, 1483. 
8. S. D. Sharmaand S. Misra, J. Liq. Chromatoi^r., 1991, 14, 3301. 
9. K. S. Panesar; O. V. Singh and S. N. Tandon, J. Planar Chromatcxr,-.. 
1992, 5, 289. 
10. A. Mohammad; M. Ajmal; N. Fatima and M. A. Majid Khan, J. Planar 
Chromatogr., 1992,5,368. 
11. E. T. Morosanova; L. S. Selivestrova and Yu. A. Zolotov, Zh. Anla. 
Khim., 1993,48,617. 
Metals 
li . V, Cr, Fe, Mn, 
Co, Ni, Cu and Zn 
Cu 
Cu, V, Hg, Ag, Co, 
Ni, Fe, Zn, Cd and 
Mn 
fNiandCo 
1 
1 I ransition metals 
Ni. Cu, Co, Zn and 
Cd 
Cr, Cd, Zr, Ti, Re, 
Mo, La, Mn, Cu, 
Zn, Ni and Co 
Remarks/Conditions 
Layer thickness 0.5 mm. 
Layer thickness 0.25 mm, plate activation 
at H O T . 
The effects of level of impregnation and 
of mobile phase pH on the mobility of 
metal ions were examined. 
Separation of Ni from Co as its 
chlorosulfate. 
Percentage recoveiy of metal ions ranged 
between 65.2-89.9%. 
Run 10 cm, layer thickness 0.25 mm. 
Run 17 cm, selective separation of Cr 
(III). 
Ref. 
12 
13 
14 
15 
16 
17 
IS 
12. S. K. Yadav; O. V. Singh and S. N. Tandon, J. Planar Chromaloi^r.. 
1994,7,75. 
13. D. M. Jogadankar; V. B. Patil and H. N. Katkhar, J. Planar Chromafo^r 
1994,7, 166. 
14. A. Mohammad; N. Fatima and M. A. Majid Khan,./ Planar 
Chromatoi^r., 1994, 7, 142. 
15. A. Mohammad, Indian J. Chem. TechnoL, 1995, 2, 233. 
16. V. K. Gupta; L Ali; V. Khurana and N. Dhagarra J. Liq. Chromaloi^r., 
1995,18,1671. 
1 7. A. Mohammad, J. Planar Chromatogr., 1995, 8, 463. 
I 8. T. Shimizu; T. Tanaka and M. Kobayashi, J. Planar Chromatogr.. 1995. 
8, 469. 
Metals 
Inorganic ions 
Heavy metals 
Cd, Zn, Cu and 
Remarks/Conditions 
Examination of relationship between 
concentration of IBMK./FA and the R| values of 
ions on silica gel. 
Qualitative separation and detection of heavy 
metals on silica gel and alumina impregnated 
with LiCl with mobile phase HCOOH (1 .OM), 
HCOONa (1 .OM) and their mixtures. 
I ransition 
metals 
Quantitative separation of Cu(il) by A AS after 
TLC separation from other metals on silica gel 
with HCOONa (1 .OM) + KI (1 .OM) in 1:9 ratio. 
Separation of transition metals with pyridine + 
benzene + acetic acid + H2O (6+5+8+4, 
5+5+4+1) and BuOH + benzene + formic acid 
(5+10+9) on silica gel impregnated with EDIA, 
dimethylglyoxime or 1, 10-phenanthroline. 
Ref. 
21. 
0 0 
Co, Fe and Cu TLC of metal ions on silica gel impregnated with 
sodium salt of condroitin sulfate with mobile 
phase consist of aqueous or organic solvents of 
different pH values. 
19. Y. .lianjan, Gansu Gongye Daxue Xuebao, 1995, 21, 104-108. 
20. A. Mohammad and M. A. M. Khan. J. Planar Chromatogr. -Mod. TLC 
1995,8, 134-140. 
2 1. A. Mohammad. J. Planar Chromatogr. -Mod. TLC, 1995, 8, 463-466. 
22. V. K. Gupta; I. Ali; U. Khurana and N. Dhagarra. J. Liq. Chromatogr. 
1995,18,1671-1681. 
23. K. Yoshimura; T. Horita and K. Hozumi. Polym. J, 1996, 28, 261-265. 
Metals 
rhirly three 
metal ions 
Co and Ni 
Thirteen metal 
ions 
UO, - \CLr \ 
Ni" andCd" 
Co, Ni and Cu 
Metal ions 
Remarks/Conditions 
The study of retention sequence of metal ions 
on silica layers with methyl isobutyl ketone 
and formic acid. 
Mutual separation of Co" and Ni" on mixed 
stannic arsenate gel and silica gel 'G' in (10: L 
vv/w) layer impregnated with 0.2M tributyl 
phosphate with l.OM aqueous potassium 
thiocyanate containing mobile phase. 
Detection and separation of heavy metals on 
silica gel mixed with Sn (IV) arsenosilicate 
and impregnated with tributylamine with 
methanol containing mobile phase 
TLC study of metal ions on silica gel ' C with 
mixture of acetone, water and acetic acid or 
HCl. 
RP-TLC of stannic arsenate ion-exchanger 
plus silica gel (10:1, w/w) impregnated with 
0.2M TBP for separation of Co"', Ni"' and i 
Cu"' withO.lMKSCN. 
Identification and separation of Zn"\ Cd"' and 
lig" using surfactant containing mobile phase 
systems on silica gel 'G'. 
Ref. 
24 
25 
26 
27 
28 
29 
24. \\. Zhang; Y. Gengliang; Y. Jianjun; Z. Hongyi and S. Ilanwen J. Phnnir 
Chromaloor. -Mod. TLC, 1998, 11, 51-55. 
25. A. Mohammad; M. P. A. Najar and E. Iraqi. Indian J. Chem. Tech., 1999. 
6, 38-42. 
26. A. Mohammad; S. Anwar and E. Iraqi. Chem. Anal., 1999, 44. 195-200. 
27. S. L. Sharifi and S. S. Dhaktode. Orient. J. Chem., 2000, 16, 79-84. 
28. A. Mohammad; E. Iraqi and I. A. Khan. Chromatography, 2000, 21, 29-36. 
29. A. Mohammad and V. Agrawal. J. Planar Chromato^r. -Mod TLC. 2000, 
13.210-216. 
Metals 
rourteen 
heavy metal 
ions 
! ChlorosLilfates 
I ofMn, Fe, 
I Co, Ni, Cu 
' and Zn 
\ Several metal 
ions 
Remarks/Conditions 
Sorption behavior of metal ions in normal phase 
and reversed phase TLC using plain, mixed and 
TBA impregnated silica gel 'G' layers with 
various aqueous and alcoholic organic solvents 
Ref. 
Ileavy metal 
cations 
Hleven heavy 
metal cations 
: Metal cations 
Separation of nickel chlorosulfate from 
manganese, iron, copper or zinc chlorosulfate 
on silica gel-cellulose (2:1, w/w) with double-
distilled water 
TLC coupled with spectrophotometry and 
titrimetry for quantitative separation of Au 
and Ag^ from accompanying metal ions on 
silica gel 'G' and alumina 'G' with aqueous 
CTAB (1.2mM) and aqueous (NH4)2SO., 
(2.5M) 
TX-lOO was used as a mobile phase in the TLC 
separation of heavy metal ions on silica gel 
layers 
Heavy metal cations were chromatographed on 
silica gel HPTLC plates with pure organic, 
mixed organic and mixed aqueous-organic 
mobile phases. 
TLC separation and identification of metal 
cations was studied on silica gel plates with 
hybrid mobile phase. 
31 
32 
.•».•> 
".S 
30 A. Mohammad and E. Iraqi. Indian J. Chem. Tech., 2000, 7, 223-226. 
3 1. A. Mohammad; M. P. A. Najar. Acta Chromatographicci. 2001. M, 15-1-
170. 
32. A. Mohammad; S. Syed; L. M. Sharma and A. A. Syed. Acta 
Chroinatographica, 2001, U , 183-195. 
33. A. Mohammad; E. Iraqi and I. A. Khan. Chromatogrpahic Set.. 2002, 40, 
1-8. 
34. A. Mohammad and Y. H. Sirwal. Acta Chroamtographica, 2003, 13, 1 17-
134. 
3.S. A. Mohammad; V. Agrawal and N. Jabeen. Chromatography, 2003, 24. 
55-61. 
Metals 
Metal cations 
Metal cations 
Several metal 
ions 
Heavy metal 
ions 
Cations 
Remarks/Conditions 
TLC of metal cations on silica gel layers with 
surfactant- mediated mobile phase. Quantitative 
determination of Cu (II) was done by 
spectrophotometer. 
Separation of some cations on silica gel 'H' and Zr 
(IV) silicate plates using a mixture of o-xylene-
methyl ethyl ketone (MEK)- N-N' DMF (16:2:1; 
v/v) as mobile phase. 
TLC of metal ions on silica gel 'G' layers with 
surfactant- mediated mobile phase. 
Spectrophotometric determination of Fe (111) 
TLC studies of heavy metal cations on silica gel 
'G' layers with surfactant-mediated (0.001 M AOT 
+ IM formic acid; 1:1; v/v) mobile phase. 
Quantitative estimation of Al ' was also done with 
spectrophotometer. 
Determine mobility of cations using carbohydrate 
plus surfactant as mobile phase on silica layers. 
Ref. 
36 
37 
40 
24, 36. A. Mohammad; Y. H. Sirwal and S. Hena. Chromatography, 200' 
135-145. 
37. M. L. Soran; C. Marutoui; M. Curtui and M. Dascalu. Cham. Environ. 
/^ c.v. 2003, 12, 135-139. 
38. A. Mohammad; V. Agrawal and S. Hena. Adsorption Sci. and Techno!., 
2004,22,89-105. 
39. A. Mohammad and S. Hena. Spen. Sci. Technol., 2004, 39, 273 1-2750. 
40. A. Mohammad and H. Shahab. Acta Chromatographica., 2005, 15, 192. 
A. Cellulose base adsorbents 
Metals 
Au, Pt, Pd, Cr, Mn, Fe, 
Co, Ni, Cu, Zn, and Ag 
Ag. Pt, Re, Au, Cd, Zn, 
Fe, Mo, Hg, Ru, Nb, Ti, 
Mn, W and Pd 
Fe, Cu, Mn 
Cd. Zn 
Iwenly-six transition 
metals 
Metal ions 
Remarks/Conditions 
Application of proposed method for the 
analysis of Pt metal powder and Au-alloys. 
Layer thickness 1.0 mm, run 17 cm, plates 
were dried under infra-red lamp after 
development. 
Ucf. 
' 41 
Qualitative separations 
ND 
Qualitative separations 
Study of inorganic ions on 
microcrystalline cellulose with HCOONa 
(F0M) + KI(1.0M)in 1:9 ratio 
43 
44 
45 
46 
41. T. Flamada. T. Morita. M. Matsuzuka and K. Ishida, Frcs. Z. Anal. Chcni.. 
1990,338,54. 
42. r. Shimizu; K. Hashimoto and K. Tsunoda, Chromafographia, 1991,31, 
60. 
43. Fj. Bokic; M. Petrovic; M. Kastelan-Macan and K. Moskalinte, 
Chromatographia, 1992, 34, 648. 
44. .1. H. Aldstadt and H. D. Dewald. Anal. Chem., 1992, 64, 3176. 
45. Z. Soljic and Z. Hrestrk, Khim. Ind., 1993, 42, 359. 
46. Z. Soljic; Z. Hrestak and I. Eskinja. Kern. Jnd, 1995, 44, 219-234. 
Metals 
Several cations 
Diiferent 
valencies of 
severaljons 
l\venty 
inorganic 
cations 
Heavy metal 
cations 
Mil and A^ l 
Metal 
peptidoglycan 
inononier 
complexes 
Remarks/Conditions 
TLC separation on cellulose microcrystalline, 
kieselguhr and cellulose plus kieselguhr with 
NH4OH(1.0M) +acetone (1:9, 3:7, 1:1,7:3, 
9:1) and colorimetric determination of SCN" in 
water and wastewater 
Selective separation and identification of metals 
of different valency states on microcrystalline 
cellulose and silica gel. 
Detection of inorganic cations by two-
dimensional TLC on microcrystalline cellulose 
with two mobile phases, 1-butanol saturated 
with 1:1 mixture of 3M HN03 and (a) IM HCl 
(b) MeOH + 36% HCl ( 1 0 + 3 ^ ) 
Selective separation of heavy metal cations by 
micellar TLC on microcrystalline cellulose 
Ion-exchange TLC separation of Mg and Al on 
amberlite IRP-69 and microcrystalline cellulose 
mixed in different ratio with 0.5-2.0 M HCl and 
HNO3. 
Quantitative TLC, identification and separation 
of some metals and their peptidoglycan 
monomer complexes on cellulose. 
Ref. 
47 
4K 
49 
50 
47. A. Mohammad and J. P. S. Chahar. J. Chromatogr. A., 1997, 774, 373-
377. 
48. Z. Coljic; Z. Hrestak and 1. Eskinja. Kern. Ind. 1997, 46, 195-202. 
49. 1. Yoshinaga; T. Miyazaki and H. Akel. J. Planar Chromatogr. Mod. 
/XC 1998, 11,295-299. 
50. A. Mohammad; E. Iraqi and I. A. Khan. J. Surfactants and Dctcrgcnis, 
1999,2,523-529. 
5 1. Y. Duan, Fujian Fenxi Ceshi, 2000, 9, 1182-1187. 
52. L. Sesartic; O. Hadzija and N. Brajenovic. J. Liq. Chromatogr. Relal. 
Ter/?. 2001,24, 1511-1514. 
B. Alumina based adsorbents 
Metals 
Re, Mo, W, V 
Several metal ions 
including Ag 
Remarks/Conditions 
Separation of Re , Mo' , W and V 
from their mixtures. 
1+ 
Selective separation of Ag^ from other metal 
ions on microcrystalline cellulose, alumina 
'G' and their binary mixtures with 
ammonia, acetic acid and sodium or 
ammonium salt solutions containing mobile 
phase 
Ref. 
3 J 
54 
53. .1. K. Rozylo; 1. Malinowska and D. S. Gaibakyan, J. Planar Chronnito'^r.. 
1990,3,157. 
54. A. Mohammad and J. P. S. Chahar. J. AOAC. Int.. 1999, 82, 1 72-1 76. 
C. Miscellaneous adsorbents 
Metals 
V. Mo, W and Re 
Cii. Co, Cd, Hg, 
Ni and A" 
Co. Ni and Mn 
Y, Cu, Zn, V, Zr, 
Mo, Ag, and_La__ 
I Ig, Ni, Cu, Co 
and Cd 
Remarks/Conditions 
Run 10 cm in 50 min, layer thickness 0.2 
mm, activation temp., 75" C. 
A linear relationship between R| values of 
ions and the logarithm of nitrate 
concentration in the mobile phase exists. 
Layer thickness 0.5 mm, the mobility of 
ions influenced by the nature and the 
additives of soil. 
Separation and UV detection. 
Layer thickness 0.5 mm, run 10 cm. 
ND 
Rcf. 
"55 
56 
57 
58 
59 
60 
55. B. Gawdzic; D. S. Gaibakyan; T. Matynia and A. R. Sarkisyan,./. Planar 
Chroniatogr., 1990,3,280. 
5(). .1. K. Rozylo; D. Gvvis-Chomicz and 1. Malinowska, Environ, Pro/. /:/7.t,',e. 
1990, 16, 121. 
57. K. Kumari and R. P. Sigh, J. Planar Chromafogr., 1990, 3, 349. 
58. M. Yoshioka; H. Araki; M. Seki; 'L. Miyazaki; T. Utsuki; T. Yoginuma 
and M. Nakano, J. Chromatogr., 1992, 603, 223. 
59. M. Sanchez-Camazano and M. J. Sanchez-Martin,,/ Chromafoi^r., 1993. 
643,357. 
60. J. K. Rozylo; D. Gwis-Chomicz and 1. Malinowska, Environ. Prot. Engi^.. 
1992,16,212. 
Metals 
Y, La, Ti, Fe, Mn, 
Cr, Cu, CO, Mo 
and Cd 
V, Fe, Ni, Zn, Ag, 
W, Fig, Co, Cu, 
Mo and Cd 
Mn, Fe, Co and 
Cu 
Cd, Cu and Pb 
Fleavy metals 
Remarks/Conditions 
Run 14 cm, layer thickness 0.1 mm, 
quantitative separation of UO2 (H) from 
other metal ions. 
Layer thickenss 0.25 mm, temp. 30 "C, 
10 cm. 
run 
Order of selectivity is Cu> Co> Mn> Fe. 
Detection limits for Cd and Pb were 1 and 4 
|ig respectively 
Ref. 
61 
Ni, Co and Cu 
Identification of metals in human bones, 
placenta, milk and air by adsorption and lE-
TLC 
Determination of metals in rock samples by 
TLC/photodensitometry. 
62 
63 
64 
65 
66 
61. S. A. Nabi; W. U. Farooqui and N. Rahman, J. Planar Chnmuito^r., 
1994,7,38. 
62. A. Mohammad; M. Ajmal; N. Fatima and R. Yousuf, J. Planar 
ChromatoiJr., 1994, 7, 444. 
63. I. Javed; M. L. Mirza and R. Yasmeen, J. Natl. Sci. Math., 1994, 34, 61 
64. S. C. Petrovic and H. D. Dewald. J. Planar Chromatogr. -Mod TLC. 
1996,9,269-272. 
65. 1. Baranowska; J. Baranowski; B. 1. Norska and C. Pieszko. J. 
Chromatogr. A., 1996, 725, 199-202. 
66. S. Savarci and M. Akcay. Turck. J. Chem., 1996, 20, 146-152. 
h^hrj 
Metals 
Metal cations 
Fe and Cr 
Several metal 
ions 
Toxic metals 
Metal 
complexes 
Pb and Cd 
Remarks/Conditions 
Determination of Fe in process media by 
employing 8-hydroxy quinoline as complexing 
agent. 
The separation of Fe ^ and Cr ^ as well as some 
anions of elements on molecular sieves NaX 
Separation of metal ions on lanthanum silicate ion 
exchanger with aqueous and mixed solvent 
systems. 
Qualitative and selective separation of toxic heavy 
metals 
The study and application of TLC of Co and Ni 
complexes was detected on thin layers 
Separation of lead and cadmium from humic acid 
Ref. 
67 
68 " 
69 
70 
71 
72 
67. S. B. Germanov; L. P. Sharova; T. F. Demchuk; N. I. Damoilenko and F. 
V. Guss. Khim. -Farm. Zh., 1996, 30, 54-56. 
68. P. Evelina; B. Anisoara; P. Angelica; G. Maria and M. Cruceanu. Cheni. 
Ing. Chim., 1996,42, 121-124. 
69. S. W. Husain and A. Mirzaie. Chromatographia, 1997, 45, 347-350. 
70. A. Mohammad J. Planar Chromatogr. -Mod. TLC. 1997, 10,48-54. 
71. S. Shaomin; Z. Shengwan; H. X. Guo and L. Lin, Shanxi Daxue Xuehao. 
Ziran Kexiiehan, 1997, 20, 405-408. 
72. S. C. Petrovic and H. D. Dewald. Anal. Lett., 1998, 31, 2077-2091. 
Metals 
Metal 
chlorosLilfates 
d-block metals 
1,3-Dik.etones 
of heavy metals 
Co and Cr 
complexes 
Several metal 
ions 
Metal ions 
Remarks/Conditions 
Examination of mobility and selective separation 
of metal chlorosulfates with acid containing 
mobile phases and aqueous ammonium sulfate 
solution (l.OM) 
Binary and ternary separations of d-block metals 
on stannic phosphate silicate layers with buffered 
EDTA solutions 
The study of 1-3 diketones and other metal ions 
on silufol and plasmachrom plate with micellar 
mobile phases containing sodium dodecyl sulfajx^ 
Some qualitative separations were achieved on 
polyacrylonitrile. 
Qualitative separation of a mixture of cations and 
their identification with 0.01% 9-formylacridine 
solution in dichloromethane on cellulose i<' 
Separation of metal ions from their binary 
mixtures using TLC plates impregnated by mixed 
oxides 
Ref. 
73 
74 
75 
76 
77 
7K 
73. A. Mohammad; K. T. Nasim and M. P. A. Najar. J. Planar Chromatoi^r. 
Mod TLC. 1998,11, 127-131. 
74. S. D. Sharma; S. Misra and A. Agrwal. J. Indian Chem. Sac. 1998, 75, 
410-412. 
75. S. N. Shtykov and E. G. Sumina. J. Anal. Chem., 1998, 53, 446-450. 
76. Z. L. Tesic; T. J. Sobo; S. R. Trifunovic and D. M. Milokovicopsenica../ 
Chroniatogr. A., 1999, 847, 297-301. 
77. A. Patrut; C. Marutoiu; O. F. Marutoiu and M. I. Moise. J. Planar 
Chromatogr. -Mod TLC, 2000, 13, 151-153. 
78. R. K. Ghatuary; A. K. Mukhopadhyay and C. K. Sarkar. J. Indian Chem. 
Soc, 2000, 77, 106-107. 
Metals 
d and f block 
metal ions 
1,3-dikelonates 
of metal ions 
Thirty metal ions 
Remarks/Conditions 
TLC s tudy^fz /^ and W^^  with BuOH-8M 
HNO3 and aqueous HNO3 
TLC separation of metal ions and their 1,3-
diketonates on silufol and RP-plazma chrom 
with 2.5 X 10""M aqueous SDS. 
Acetylacetonates 
ofCo(ll)and 
Co(}lI) 
Ni and Cu 
Metal cations 
TLC separation of metal ions on titanium (IV) 
silicate ion-exchanger with aqueous and mixed 
mobile phases. 
The compounds were detected by their mass 
spectra, comparative study of analytes with TLC 
and conventional MALDl-TOFMS 
Rcf. 
79 
KO 
TLC separation of Ni and Cu with mobile phase 
o-xylene-methyl ketone (MEK)-N, N'-DMl' 
(16:2:1, v/v) mixed with 
dipentyldithiophosphoric acid 
O T 
8,> 
Thin layer chromatography of metal cations 
using surfactant-mediated mobile phase on 
conventional TLC plates. 
^4 
79. S. D. Sharma and C. Sharma. J. Planar Chromatogr. -Mod. TLC, 2000, 
13,93-100. 
80. S. N. Shtykov; E. G. Sumina and N. V. Tyurina. J. Planar Chromatogr. -
Mod. TU\ 2000, 13, 266-270. 
HI. V. Ghoulipour and S. W. Husain. J. Planar Chromatogr. -Mod. TIX\ 
2000, 13,354-358. 
82. K. Matsumoto; H. Ajiro; S. Habane and Y. Okamoto. J. Mass 
Spectrometry Soc. Japan, 2002, 50, 15-17. 
83. M. L. Soran; C. Marutoiu; M. Curtue; T. Hodisana and K. Oprean. .4cta 
Universitatis cinbiniensis. Seria F: Chemia, 2002, 5, 69-73. 
84. A. Mohammad and Y. H. Sirwal. J. Planar Chromatogr. -Mod. TLC. 
2002, 15, 107-115. 
Metals 
Melal cations 
Metal cations 
Heavy metal 
cations 
Remarks/Conditions 
Separation of metal cations with novel TLC system. 
Proposed method is useful for specific separation of 
iron (III), cobalt (II) and nickel (II). 
The TLC of metal ions were performed in twelve 
solvent system on egg shell layers. 
Cu(II )andNi 
(II) 
Metal ions 
! Metal -
j dithizonate 
j complexes 
I A P ' . F e ^ 
! Nj-', Cu- 'and 
I S i 
HPTLC of heavy metal with surfactant-mediated 
mobile phase containing formic acid. 
Detection and quantification limits were calculated 
for extraction. TLC of Cu (II) and Ni (11) ions with 
dialkyl dithio phosphoric acids in a polar solvent 
system. 
RP-TLC was effectively used for the separation of 
metal ions in low concentrations by classical low-
voltage electrophoresis. Electro grams of rhodium 
(III) and iridium (IV) were obtained. 
Metal - dithizonate complexes were synthesized and 
their R|. values on precoated and laboratory made 
TLC plates were determined. 
The quantitative determination of iron, silicone, 
nickel and copper are obtained from the densitomelric 
evaluation of chromatograms and selective 
separations of some of these elements are achieved on 
silica gel H layers developed with a mobile phase 
containing aqueous sodium chloride solution 
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^versed- (Phase Thin Layer CHromatograpfiy 
Of 
Transition MetaC Cations 
2.1 INTRODUCTION 
Thin layer chromatography (TLC) has always been recognized as an 
efTeclive analytical technique for purifying materials before their analysis b\ 
sophisticated instruments. The continuing popularity of this technique is 
based on certain features such as simplicity, cost effectiveness, possibilil) ol 
direct observation of separation process, use of colourful reaclic^ns. 
reasonable sensitivity, capability or simultaneous monitoring of large 
numbers of samples and the reduced need for modern laboratory facilities. 
The first application of TLC in an inorganic analysis was reported b\ 
two American Scientists, Meinhard and Hall in 1949 (1) who successfully 
reported Zn~* from FQ~' on starch-bound layer of alumina plus celite coated 
on microscope slides. However, a rapidly increasing number of papers 
dealing with the analysis of inorganic substances appeared in the literature 
after the work of Seller [2, 3]. The work on TLC of heavy metals publislicd 
up to 1972 has been reviewed by Brinkman et al. [4] and the work appeared 
during 1972-1980 has been excellently summarized by Kuroda and 
Volynets. The work reported during 1981-2006 has been well documented 
(6-10) in several books, reviews and research papers. According to 
literature, much less work has been performed on reversed phase fLC in 
spite of the fact that it offers some distinct advantages such as organization 
oi the hydrocarbon ligands on the silica surface, interaction of solvent into 
the bonded layer and the activity of residual silanols on the solid support. 
All these factors influence the selectivity of the medium in a specillc 
manner. 
Thus, in reversed phase TLC the selectivity of the medium can he 
altered by bringing about the variations in mobile phases, sorbents or b> 
surface modifications involving reaction between silica support and reactive 
organosilanes of varying chain lengths. As a result, the practice of reversed 
phase TLC has advanced faster and it has grown as a widely used method o\^ 
chemical separation appHcable to a diverse mixtures. The modified retention 
behavior of solute has been explained in terms of solvophohic oy 
hydrophobic interactions [11], Silica gel layers impregnated with mono (2 
ethyl hexyl) acid phosphate [12], tributyl phosphate [13], tri-n-octyl amine 
j 14], and tributyl amine [15, 16] have been utilized for rapid separation of 
metal cations. In general, solutions of monobasic acids have been used as 
eluents. Mixed layers composed of silica gel and Sn (IV) arsenate or 
arsenosilicate impregnated with tributyl phosphate [17] and tributyl amine 
I 1 8| have also been used for selective separations of heavy metal cations. 
Keeping in mind the excellent resolution capabilil\ of 
reversed phase TLC towards heavy metal cations, it was worthwhile use 
silica gel layers impregnated with paraffin oil, silicon oil and trihut\ I 
phosphate for selective separation of heavy metal cations. 
2.2 EXPERIMENTAL 
A TLC applicator was used for coating silica gel on 20 x 3.5 
cm glass plates. The chromatography was performed in the 24 x 6 cm. glass 
Jars. A glass sprayer was used to spray reagents on the plates to locale the 
position of the spot of the analyte. 
Chemicals and Reagents 
Paraffin oil, Tributyl phosphate, Alumina, Kieselguhr, Acetic 
acid. Sodium acetate, Petroleum ether, Sodium-formate, Silicone oil and 
Sodium perchlorate (CDH, India), Silica gel 'G', Perchloric acid (Merck. 
India), 
Metal Cations Studied 
Fe", Ni- , Co- , Cd-\ Zn-\ Pb-\ Mn-\ Mo'", C/" 
Test Solutions 
1.0% aqueous solutions of following salts were used as test solutions : 
(a) Nitrates of Cd ' \ Z^\ V\f\ 
(b) Chlorides of Ni^^, Co"\ Fe" 
(c) Sodium molybdate 
(d) Potassium dichromate 
(e) Manganese sulphate 
All the solutions were prepared in double distilled water with conductivity 
( K - 2 x 10""ohm"'at25T) 
Detection Reagents 
for the detection of various cations, the following reagents were used : 
(a) Dithizone (8 x 10""%, w/v) in carbon tetrachloride for 'Cdr , Zn" 
(b) Aqueous potassium ferrocyanide (1%) for Fe' 
(C) 0.5% llaemotoxylin for Mo^'' 
(d) Yellow ammonium sulphide (1%) for Pb" 
(e) 30%) Hydrogen peroxide + (2.0 M) Sodium hydroxide (1:1) lor \\\\ 
(0 Dimethyl glyoxime (0.2%) for Ni"' and Co' ' 
(g) Cr^ ' was self detected; it may also be detected by haemolox} Tin. 
Stationary Phases 
Symbol 
S, 
s. 
S:, 
Nature of stationary phase 
Unimpregnated silica gel G 
Silica gel impregnated with 1% paraffin oi 
Silica gel impregnated with 2% paraffin oi 
S, 
S, 
S6 
S7 
s, 
s, 
s, 
s, 
Sn 
Silica gel impregnated with 5% paraffin oil 
Alumina impregnated with 2% paraffin oil 
KieselgLihr impregnated with 2% paraffin oi 
Soil impregnated with 2% paraffin oil 
Silica gel impregnated with 2% tributyl phosphate 
Silica gel impregnated with 5% tributyl phosphate 
Silica gel impregnated with 10% tributyl phosphate 
Silica gel impregnated with 20% tributyl phosphate 
S,:, 
S|4 
Sis 
S,6 
S 17 
Silica gel impregnated with 0.00 l%o silicone oil 
Silica gel impregnated with 0.01% silicone oil 
Silica gel impregnated with 0.1%) silicone oil 
Alumina impregnated with 0.0l%o silicone oil 
Kieselguhr impregnated with 0.01%) silicone oi 
Soil impregnated with 0.01%) silicone oil 
Mobile Phases 
1 he following solvent systems were used as mobile phase: 
Symbol 
M-
M:, 
M,, 
Ms 
M„ 
M7 
M, 
Mo 
M, 
M, 
Mn 
M 
12 
1.^  
M,.4 
M l . 
Composition 
0.1 M Formic acid (HCOOH) 
0.1 M Sodium formate (HCOONa) 
0.1 M Acetic acid (CH3COOH) 
0.1 M Sodium acetate (CH^COONa) 
0.1 M Perchloric acid(HC104) 
0.1 M Sodium Perchlorate ( NaCIO.,) 
0.1 M HCOOH + 0.1 M HCOONa (6:4) 
0.1 M HCOOH + 0.1 M HCOONa (1:1) 
0.1 M HCOOH + 0.1 M HCOONa (4:6) 
0.1 M CH3COOH + 0.1 M CH^COONa (6:4) 
0.1 M CH3COOH + 0.1 M CH:,COONa (1:1) 
0.1 M CH3COOH + 0.1 M CHiCOONa (4:6) 
0.1 M HCIO4 + 0.1 M NaC104 (6:4) 
0.1 M HCIO4 + O.I MNaC104(l : l ) 
0.1 M HCIO4 + 0.1 M NaC104 (4:6) 
Preparation of TLC Plates 
(a) Plain silica gel thin layer plates: 
Silica gel plates were prepared by mixing the adsorbent wilh 
double distilled water in 1:3 ratios by weight. The resultant slurry was 
mechanically shaken for 10 min, after which it applied to well clean glass 
plates with the help of TLC applicator to give a layer of approximately 0.25 
mm thickness. The plates were air dried at room temperature and ihen 
activated by heating at 100 ± 5 "C for 1 hour. After activation, the plates were 
stored in desiccators. 
(b) Paraffin oil impregnated TLC plates : 
Two methods were adopted for the preparation of impregnated 
silica gel plates: 
(1) In the precoating method, solution of the impregnant (paraffin oil in 
petroleum ether) was substituted for DMW in the slurry employed to coat 
the plates. For example, the slurry was made by mixing solution of 2% 
paraffin oil (in petroleum ether) with silica gel in the ratio of 3:1 and II C 
plates were prepared by using the resultant slurry under the sann' 
experimental conditions as cited above in (a) for plain silica gel pl;iics 
followed by activation at 100 "C for 1 hour. 
(2) In the post coating method the activated silica gel plates were 
impregnated with desired concentration of paraffin oil (1, 2 and 5%) in 
petroleum ether by dipping silica gel plates in solution of impregnant for a 
specific time period followed by drying of the plates at 60 ''C. 
I he post coating coated method was found to be suitable for the preparation 
of good quality silica gel plates and the plates prepared by this method were 
used during the present study. 
(c) Tributyl phosphate (TBP) impregnated TLC plates: 
The activated silica gel plates were impregnated with desired 
concentration of TBP (2, 5, 10 and 20%) in petroleum ether by dipping 
silica gel plates in solution of impregnant for a specific time period followed 
by drying of the plates at 60 "C. TLC was performed with M, (0.1 M formic 
acid) to achieve the desired separations and to study the migration behavior 
of metal ions. 
(c) Silicone oil impregnated TLC plates: 
The activated silica gel plates were impregnated with desired 
concentration of silicone oil (0.001, 0.01 and 0.1%) in petroleum ether by 
dipping silica gel plates in solution of impregnant for a specific time period 
followed by drying of the plates at 60 "C. The chromatography on these 
silicone oil impregnated plate was performed with Mi (0.1 M formic acid). 
Procedure 
About \0[i\ of test solution was applied using a micropipcilc 
about 2.0 cm above the lower edge of TLC plates. The spots were dried. aiiJ 
the plates were developed in glass jars by ascending technique. The glass 
Jars containing the mobile phase were covered with a lid for about 20 min. 
So that the glass jars would get presaturated with the mobile phase vapours, 
rhe mobile phase (solvent) was allowed to migrate up to 10 cm. from the 
starting line in all cases. After development, the plates were dried again and 
the cations were visualized as coloured spots by spraying with appropriate 
detection reagents. The cations were identified on the basis of their R| 
values calculated from R|, (R|. of leading front) and R| (R| of trailing front). 
Chromatography 
Thin layer chromatography was performed on I LC plates 
coated with unimpregnated and impregnated (with paraffin oil, tributyl 
phosphate and silicone oil) sorbent layers in glass jars. Approximate 10 fil 
ol standard test solutions were spotted separately on TLC plates at 2 cm 
above from the lower edge of the plate with the help of a micropipettc. I'hc 
spots were allowed to dry and then the plates were developed in the desired 
solvent system by the ascending technique keeping the solvent ascent up to 
10 cm from the point of application at room temperature (30 "C). After 
development, the plates were air dried at room temperature and the position 
ol metal cations on the plates were identified by detecting the spots with 
appropriate colouring reagents. R,. values [R, = 0.5 (RuRnJ were 
determined for the metal ions from the values of R| (Ri of leading front) and 
R I (Ri of the trailing front) values for the detected spots of the metal ions. 
1 1-C was performed with various combinations of stationary and mobile 
phases to achieve the desired separations and to study the migration 
behavior of metal cations. 
Separation 
The test solution (lOjal) containing cobalt, nickel, chromium, 
manganese, molybdenum, lead, zinc, cadmium, iron as their binary or 
ternary was spotted on TLC plate and the chromatography was performed 
with various mobile phase system (M|, M7, Ms, M,,,, M,, and Mi^-Mis). I'he 
resolved spots for these metal cations were observed on TLC plates after 
spraying chromogenic reagents and the R|. values of separated metal cations 
were determmed. The Revalues of Fe ' ' , Nr\ Co"', Mn"', i V , Zn"', Cd'\ 
Mo and Cr" in their mixture were found to var>' marginally from their 
individual R,. values. 
2.3 RESULTS AND DISCUSSION 
The results of the present study have been summarized in tables 2.1 
2.7 and figures 2.1- 2.3. The chromatography of nine metal cations ha\e 
been performed on several impregnated silica layers using various soheni 
systems. 
(I) Chromatography on Silica TLC Plates Impregnated \\ith 
Paraffin oil: 
In order to fmd out optimum concentration of paraffin oil 
impregnant, metal cations were chromatographed with different 
concentrations (I, 2 and 5%) of paraffin oil using aqueous 0.1 M formic 
acid (M|) as an eluent. From the table 2.1, it is clear that with ihc 
increase in the concentration of paraffin oil, there occurs a considerable 
decrease in the R| value of metal cations as compared on unimprcgnatccl 
silica layer. The decrease in R|. value of metal cations ma} be due lo 
strong partitioning of metal cations in paraffin oil. I he increased 
concentration of paraffin oil as an impregnant decreases the mobility of 
metal cations. The higher concentration of paraffin oil as an impregnant 
causes several problems including prolong development time, poor 
detection, lesser spot compactness, difficulty in drying of plates, poor 
adhesion ol~ modified silica to glass surface. Therefore, paraffin oil at 
concentration level of 2% was chosen for impregnation of silica gel 
plates owing to the following advantages: 
(i) detection clarity 
(ii) formation of compact spots and 
(111) beneficial mobilities for their mutual separation from their mixtures. 
I he plot of AR| (AR| = R, un impregnated layer - R| impregnated layer) 
IS shown in fig. 2.1. The positive AR,. values of metal cations several 
enhanced selectivity of paraffin oil impregnated silica layer towards these 
analytes as compared on plain silica layers. 
The different solvent systems in mono component as well as in 
mixed combinations were used for the chromatography of metal cations on 
2% paraffin oil impregnated silica layers (S;,). The results are presented in 
table 2.2. In aqueous 0.1 M sodium formate (Mi) containing solvent system 
C r shows higher mobility as compared to other metal cations (Ni^ , Co' , 
CL\~' and Mn'\) whereas, Fe'^ shows low mobility and Pb" and Mo" 
remains at the point of application. The same trend was observed with the 
0.1 M acetic acid (M3) containing solvent system only with exception that 
Mo' (R| = .20) shows low mobility. In aqueous 0.1 M sodium acetate 
(M4) containing solvent system as compared in 0.1 M acetic acid (M,i 
eluent all metal cations (Fe^^, Ni"', Co' ' , Cd"' and Zn" ) show decrease in 
Ri value whereas, there is increase in R| value of Mn" and Pb" and also 
Mo' was not detected . The metal cations Cr''* and Ni"' show higher R| 
value in aqueous 0.1 M perchloric acid (M-s) containing solvent system as 
compared to other metal cations (Fe ' \ Co"\ Cd"*, Zn"', Mn"' and Mo'' ) 
whereas Pb" remains at the point of application. As compared to 0.1 M 
perchloric acid (M5) containing solvent system, the metal cations (Ni" . 
Co" and Mn"^) show higher R|. values in 0.1 M sodium perchlorate (M,,) 
containing solvent system, while there is decrease in R|. value of other 
metal cations (Fe^^ Cd^' and Zn^^) and also Mo^ '* was not detected in this 
system. 
In order to achieve useful mobility of these metal cations for their mutual 
separation, the solvent systems 0.1 M formic acid (M|) and 0.1 M sodium 
formate (M2), 0.1 M acetic acid (M3) & 0.1 M sodium acetate (M4) and also 
0.1 M perchloric acid (M5) and 0.1 M sodium perchlorate (Mf,) were mixed 
together in different volume ratios. The results presented in table 2.2 clearl\ 
indicate that with the increase in concentration of sodium formate in solvent 
systems (My - M9) the mobility of all cations have decreased except for Pb^ 
and Cr*" which remains unaltered. The same trend was observed with the 
increase in concentration of sodium acetate in the solvent systems (Mio-Mi;)). 
fhe reverse trend was observed with sodium perchlorate containing eluenls 
(M13-M15). The mobility of all cations have increased with the increased 
concentration of sodium perchlorate in the solvent system (M13-M15) except 
Cr' whose mobility remain unchanged and also Mo' was not detected. This 
change in the mobility of all cations in these mixed solvent systems were 
utilized for the separation of these metal cations from their coexisting 
mixtures. The various separations achieved in these solvent systems aie 
reported in the table 2.7(a) along with their R, value. 
The impregnant 2% paraffm oil was also used with other 
adsorbents such as alumina (S5), kieselguhr (S(,) and soil (S7). The 
chromatography on these impregnated adsorbents was performed with Mi 
(0.1 M formic acid). It is clear from the table 2.3 that on 2% paraffin oil 
impregnated alumina (S5), the metal cations (Fe'*, Pb"' and Mo'') remains at 
the point of application while other metal cations (Ni" , Co" . Ci.\~\ Zir . 
Mn~ and Cr' ) show low mobility. The higher mobility of metal cations s 
(Fe , Ni""^ , Co-^ Mn"^ and Cr^'') are observed on 2% paraffin oil impregnated 
kieselguhr (85) layer while other metal cations Cd"', Z n ' \ Pb"' and Mo'" are 
not detected. In case of 2% paraffm oil impregnated soil layer (S7), the metal 
cations Ni"', Co^*, Cd' ' show low mobility while the metal cations Zn"* and 
Pb" remain at the point of application and also the metal cations Fe ", Mn"', 
Mo' and Cr'* are not detected. The results clearly indicate that on alumina 
and soil impregnated with 2% paraffin oil (i.e S5 and S7), there is strong 
partitioning of metal cations as compared on kieselguhr layers impregnated 
with 2% paraffin oil (S6). 
(M) Chromatography on Tributyl Phosphate Impregnated Silica TLC 
Plates: 
In order to find out optimum concentration of IBP 
impregnant, metal ions were chromatographed with different concentrations 
(2%, 5%, 10% and 20%) of TBP using 0.1 M formic acid (M,) as an eluenl. 
The results are depicted in table 2.4 clearly indicates that there occurs a 
considerable decrease in the R). value of metal cations as compared on un 
impregnated silica layer. The decrease in the R|.- value of metal cations ma\ 
be due to strong partitioning of metal cations in TBP. The increased 
concentration of TBP as an impregnant decreases the mobility of metal 
cation. The higher concentration of TBP as an impregnant causes several 
problems including prolong development time, poor detection, lesser spot 
compactness, difficulty in drying of plates, poor adhesion of modified silica 
to glass surface. Among all the four concentrations tested for the 
impregnation, 5% TBP was best for the impregnation of silica gel plalos 
owing to the following advantages (i) detection clearity (ii) formation of 
compact spots (iii) beneficial mobilities for their mutual separation from 
their mixtures. But our study was not restricted to the 5% concentration of 
f[iP; we have utilized mobility data obtained on all these four 
concentration of TBP for the separation of metal cations from their 
coexisting mixtures which are reported in table 2.7 (b). 
fhc plot ol' AR|. [AR|. = R|. unimpregnated layers - R|- impregnated (5% 
I BP) layer] is shown in fig 2.2. AR|. value of metal cations indicate the 
enhanced selectivity of TBP impregnated silica layer towards these analytes 
as compared on plain silica layers. 
(Ill) Chromatography on Silicone Oil Impregnated Silica TLC Plates: 
fhe results of the silicone oil impregnated silica layers are 
shown in table 2.5. The different concentrations of silicone oil (0.001, 0.01 
and 0.1%) were used for the selection of optimum concentration for the 
chromatography of metal cations with 0.1 M formic acid (Mi) containing 
eluent. Table 2.5 clearly indicates that with the increase in concentration of 
silicone oil impregnant; there is an increase in the Ri value of all metal 
cations except Pb"^ ' which remains at the point of application in all the 
concentrations. The increase in R]. value of all metal cations may be due in 
weak partitioning of metal cations in silicone oil. The higher concentration 
of silicone oil as impregnant causes several problems including spotting 
was very difficult, difficulty in development of plates because no 
movement of mobile phase was observed, poor detection etc. fhus keeping 
all these difficulties in view the silicone oil at lowest concentration was 
useful for the chromatography of these metal cations. In our study, we have 
selected 0.001% and 0.01% concentration of silicone oil for the separation 
ol these metal cations from their coexisting mixtures. The separations o\' 
metal cations achieved in these two concentrations (0.001% and 0.0T'o) 
along with R, value are reported in table 2.7 (c). The plot of AR, [AR, ^ R| 
uninipregnated - R|. impregnated (0.001%) silicone oil) layer] is shown m 
fig 2.3. The negative AR|. value of metal cations indicate the higher 
selectivity of plain silica layer towards these anal}tes as compared to 
silicone oil impregnated silica layers. 
The 0.01% silicone oil was also impregnated on the other 
adsorbents such as alumina (S15), kieselguhr (Su,) and soil (S^). The 
chromatography of metal cations on these 0.01%) silicone oil impregnated 
layer was performed with M| (0.1 M formic acid). The results observed on 
these layers are reported in table 2.6. The low R|, value of the metal cations 
(Co-\ Cd-', Zir ' , Mn-^ and Cr^") is observed on 0.01% silicone oil 
impregnated alumina layer (S15), while other metal cations ( i V ' , Ni"', Plr 
and Mo") remains at the point of application. The higher mobility of all 
melal cations are observed on 0.01% silicone oil impregnated kieseiguhr 
layer (S|6) with only exception that Fe''^ and Pb"' are not detected. In case 
of 0.01% silicone oil impregnated soil layers (Sn), the Pb"' remain at llie 
point of application while other metal cations (Ni"", Co"', Cd" and Zn ) 
show low mobility and also the metal cations (Fe' ,.Mn , Mo" and C'l' ) 
are detected in this system. The results clearly indicate that on alumina and 
soil impregnated with 0.01% silicone oil (Sis and S17). There is strong 
partitioning of metal cations as compared on kieseiguhr layer impregnated 
with 0.01% silicone oil (S,6). 
Table 2.1 R| value of metal cations obtained on unimpregnated and 
paraffin oil (1-5%) impregnated silica gel layer developed with 0.1 M 
aqueous formic acid (Mi). 
Metal 
cations 
Fe^* 
Ni^ *-
i Co^^ 
Cd^^ 
f Zn^^ 
Pb-^ 
Mn'" 
Mo'" 
C r 
s, 
0.20 
0.80 
0.61 
0.50 
0.58 
0.00 
0.53 
0.24 
0.95 
Rp Value 
S2 
0.16 
0.63 
0.57 
0.48 
0.48 J 
0.00 
0.51 
0.22 
0.93 
S3 
0.14 
0.59 
0.54 
0.46 
0.47 
0.00 
^049 
^" ^ 020 
0^92 ^ " 
S4 
0.12 
0.55 
0.52 : 
0.45 ; 
0.46 
0.00 
0.47 
0.18 
0.90 
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Table 2.3 RK value of metal cations obtained on 2% paraffin oil impreonated 
aluinina (Ss), kicselguhr (Sf.) and Soil (S7) developed with aqueous 0.1 M 
formic acid (Mi). 
Metal cations 
Fe^ ^ 
N?" 
Co'' 
/AX'^ ^ 
Pb^^ 
Mn'" 
Mo'-^ 
C r 
N.l) - Not detectec 
S5 
0.00 
0.04 
0.03 
0.03 
0.06 
0.00 
0.00 
0.08 
i 
Ry value 
S6 
0.80 
0.94 
0.97 
N.D 
N.D 
N.D 
0.95 
N.D 
0.98 
S7 
N.D 1 
0.05 \ 
0.04 
0.05 
0.00 " 
0.00 
N.D 
N.D 
L N.D 
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Table 2.4 R| value of metal cations obtained on unimpregnated and tributyl 
phosphate (2-20%) impregnated silica gel layer developed with 0.1 M 
aqueous formic acid (M|). 
Metal ions 
" Fe-^ -^  "•" 
Ni^^ 
, . ,2+ 
Cd 
Zn'* 
Pb'^ 
Mo'^ 
S^" J 
M« 
0.19 
0.74 
0.60 
0.48 
0.56 
0.00 
0.52 " 
0.21 
0.94 
RK va 
M9 
0.17 
0.70 
0.56 
0.45 
0.46 
0.00 
0.51 
0.17 
, 0.92 
lue 
f M,„ 
0.14 
0.52 
0.43 
0.42 
0.42 
0.00 
0.45 
0.13 
0.88 
Mu 
^ 0.08 
0.49 
0.40 
0.37 
0.28 
0.00 
0.40 
0.10 
0.82 
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I able 2.5 R, value of metal cations obtained on unimpregnated and silicone 
oil (0.001-0.1%) impregnated silica gel layer developed with 0.1 M aqueous 
formic acid (M,). 
Metal ions 
Fe^^ 
Ni'" 
Co-^ 
Zn'" 
Mo'"" 
Cr '" 
1 
i 
1 
' S,2 
0.40 
0.85 
0.86 
0.52 
0.60 
0.00 
0.88 
0.26 
0.95 
R|, value 
S,3 
0.43 
0.88 
0.89 
0.55 
0.65 
0.00 
0.90 
0.58 
0.96 
i 
S(4 
0.80 
0.90 
0.93 
0.90 
0.91 
0.00 
0.92 
0.63 
0.98 
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Table 2.6 R, value of metal cations obtained on 0.01% silicone oil 
imprewnated alumina (S15), kieselguhr (Su,) and soil (S17) developed with 0.1 
M aqueous formic acid (Mi). 
1 Melal cations 
I Fe^ ^^  
Ni^ ^ 
1 C^ o^ -^ ^ ^ 
1 Zn'" 
Pb'" 
j Mn'^-
1 rvio^ "" 
1 r^ 6+ 
S,5 
0.00 
0.00 
0.02 
0.02 
0.02 
0.00 
0.05 
0.00 
0.10 
R|, value 
S16 
N.D 
0.96 
0.97 
0.97 
0.89 
N.D 
0.96 
0.97 
0.98 
S,7 
N.D 
0.06 
().()6 
0.02 
0.03 
[ 0.00 
N.D 
N.D 
N.D 
N.D - Not detected 
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Table 2.7 (a) Separation achieved on silica gel layer impregnated with 
different concentj*ations of paraffin oil using different mobile phase. 
Stationary 
phase 
2% paraffin 
impregnated 
silica layer 
i 
1 
Mobile 
phase 
M7 
MH 
M,o 
M,, 
M,3 
MM 
M,5 
S( 
Ni-'(0.61) 
Fe'^ (0.02) -
Zn'' (0.14) 
Mo'" (0 .07)-
Fe"'(0.03) -
Zn^' (0.28) 
Pb''(0.00) 
Pb'' (0.00) 
Zn" (0.36) 
Pb-' (0.00) 
Zn-' (0.26) 
Pb'^(O.OO)-
Pb ' ' ( 0 .00 ) " 
Pb''(0.00) -
Pb-*(0.00) 
Pb' ' (0.00) 
Pb-^(O.OO)-
jparation (R| va 
--Mn' '(0.4) 
Mn-'(0.39) 
CcF' (0.24) 
Cr'"(0.98) 
- Ni'' (0.61) 
Cr'" (0.98) 
--Nr' (0.70) 
Mn-' (0.45) 
- Ni-' (0.63) 
Cd-'(0.27) 
- Mn-' (0.39) 
Mn^ (0.39) 
- C o - ' (0.52) 
Ni-* (0.64) 
Cd-' (0.37) 
Cd^"(0.37) 
Ni-' (0.75) 
ues) 
Cr"' (0.98) 
Cr"' (0.98) 
Cr" (0.98) 
Cr'' (0.98) 
Cr'' (0.98 
Cr"' (0.98) 
Cr" (0.98) 
Cr" (0.98 
Cr"' (0.98) 
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Table 2.7 (b) Separation achieved on silica gel layer impregnated with 
different concentrations of tributyl phosphate using mobile phase 0.1 M 
aqiieous forniic acid (M|) 
Stationary 
phase 
2%TBP 
impregnated 
silica gel layer 
5%TBF^ 
i impregnated 
i silica ^el lavcr 
10%TBP 
impregnated 
silica layer 
20% IBP 
impregnated 
silica layer 
Mobile 
phase 
M, 
M, 
M, 
M, 
Separation (R| values) 
T T 'T,~ Pb'*(0.00) Co-'(0.51) 
Mo'" (0.13) Zir' (0.47) 
Pb''(0.00) - Mn-' (0.47) 
Pb-'(O.OO) Cr"(0.98) 
Cr"' (0.08) 
Cr"" (0.98) 
Ni • (0.62 
FV^(0.03) 
Fe" (0.07) 
Pb2+ (0.00) 
Pb'* (0.00) 
~Tr Pb- (0.00) 
Pb-' (0.00) 
Mo'" (0.15) 
Zn- (0.40) 
Fe'' (0.07) 
Mn-' (0.33) 
Cd^' (0.33) 
Co-' (0.46) 
Ni2+(0.50; 
Cr" (0.98) 
Cv" (0.98 
Zn- (0.37) Cr" (0.98) 
Co"'(0.37) Ni- (().43) 
Mn-' (0.36) Cr" (0.')8) 
Zn-'(0.38) 
-^r^"(0y98) 
Cr"'(0.85) 
Ni" (0.50 Cr"; (0.98) 
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Table 2.7 (c) Separation achieved on silica gel layer impregnated with 
different concentrations of silicone oil using mobile phase 0.1 M 
'^ M"^ ?"s formic acid (M,) 
Stationary 
phase 
1 0.01% silicone 
oil impregnated 
silica gel layer 
1 
i 
1 
0.1% silicone oil 
impregnated 
silica gel lavers 
Mobile 
phase 
M, 
Pb-'(O.OOV 
Pb'' (0.00) -
Pb'' (0.00) 
Pb-' (0.00) 
Fe-''(0.80) 
Pb'' (0.00) 
Pb'' (0.00) 
Pb-' (0.00) 
Fe"' (0.80) 
Separation (R|. va 
- Fe-"(0.52) 
Fe" (0.45) 
- Fe"(0.48) 
Zn-' (0.90) 
- - Mn-' (0.94) 
Cr" (0.99) 
- Mn'* (0.92) 
Co-* (0.82) 
- Ni"* (0.74) 
ues) 
CAY (0.94) 
Ni' (0.94) 
C/" (0.99) 
Cd"' (0.94) 
C/' (0.75) 
Cr"' (0.9^)) 
Cr" (0.99) 
(^ r" (0.94) 
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0 25 
0 2 
0 15 
LL 
< 0 1 
0 05 
Fe3+ Ni2+ Co2+ Cd2+ Zn2+ Pb2+ Mn2+ Mo6+ Cn 
Metal cations 
Figure 2.1 Plot of AR|. (R|. of unimpregnatcd silica «^ ol i, K| 
of 2% paraffin oil impregnated silica gel C) Vs metal calions. 
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0.14 
0.12 
0.1 
0.08 
Q; 0.06 
<l 
0.04 
0.02 
Fe3+ Ni2+ Co2+ Cd2+ Zn2+ Pb2+ Mn2+ Mo6+ Cr6+ 
Metal Cations 
Figure 2.2 Plot of AR| (R| of unimpregnated silica gel G - Ri 
of 5% tributyl phosphate impregnated silica gel C) Vs metal 
cations. 
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0 -
-0 05 
-0 1 
-0 1 5 -
LL 
cr -0 2 H 
<] 
-0 25 
-0 3 -
-0 35 
-04 J 
Fe3-H Ni2+ C02-1- Cd2+ Zn2+ /PbV+ Mn2+ Mo6-+- Cfe+ 
Metal cations 
Kifiure 2.3 Plot of AR| (R], of uninipregnated silica gel G - R| of 
0.01% silicone oil impregnated silica gel G) Vs metal cations. 
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